Dengue is a major health problem in many parts of India and its neighbouring countries. Dengue cases have not been reported from Manipur, a northeastern State of India till 2007. But, the sudden outbreak of fever with febrile illness during 2007 and 2008, suspected to be dengue/ dengue haemorrhagic fever was investigated to detect the causative agent. Potential impact of climatic variables on dengue transmission has been documented and hence the association between climatic factors, entomological parameters and dengue cases was also analysed.
Dengue has been the most significant vector borne disease with increasing distribution and incidence of cases in the recent decades. An estimated 2.5 billion people in the world are at risk of dengue fever (DF) and dengue haemmorrhagic fever (DHF), of whom 1.3 billion people live in South East Asian Countries 1 . Ten of eleven countries in South East Asia region including India are endemic for dengue disease, where all the four serotypes of the virus have been circulating. Dengue has become a major public health problem in many parts of India with dramatic increase in cases almost every successive year. However, dengue is hypoendemic in North Eastern States of India despite the fact that it is surrounded by several dengue endemic countries, (Myanmar, Thailand, Indonesia, etc.) 5 . The most decisive factor that determines the dynamics of dengue epidemics is the mosquito vector population.
Aedes mosquito survival and fecundity are greatly influenced by the climatic factors. It has been reported that meteorological variables like temperature have profound impact on the dengue virus transmission, population size and survival of Aedes mosquitoes 6, 7 . Changes in climatic variables not only influence the vector survival but also have a profound impact on rate of dengue virus transmission 7, 8 . Many studies have documented the association between the meteorological variables and dengue epidemics including the Asian countries like China and Singapore [10] [11] [12] . The mere presence of vector alone may not result in an epidemic in the absence of viral source. The main precipitating factors of dengue epidemics are introduction of virus from an endemic to non-endemic area through human migration and abundant vector population influenced by the climatic variables. Hence the purpose of this study was to investigate the suspected dengue outbreak in Moreh town of Manipur and identify the aetiological agent, and to analyse the influence of meteorological factors on the dengue epidemic that occurred for the first time in Manipur State of India. 
Material & Methods

RNA extraction and reverse transcription PCR:
Viral RNA was extracted from acute phase serum samples using QIAamp Viral RNA Mini kit (Qiagen, Hilden, Germany) and subjected to multiplex reverse transcription polymerase chain reaction (RT-PCR) following the procedure of Harris et al 16 with minor modifications in the PCR conditions using One-
Step RT-PCR Kit (Qiagen, Hilden, Germany). DNA amplified was analyzed by 2 per cent agarose gel electrophoresis.
Nucleotide sequencing and phylogenetic analysis: DNA from the gel was extracted, purified and sequenced using Big Dye terminator V3.1 Ready Reaction Sequencing Mixture and analyzed in an automated 3130 × l Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). The sequences obtained were subjected to similarity search using BLAST server of National Centre for Biotechnology Information GenBank database release 143.0 (NCBI, National Institutes of Health, Bethesda, MD, USA). Blast selected sequences were retrieved from GenBank and aligned using ClustalW 
Results
The epidemic started in September 2007 with the appearance of suspected cases and reached a peak by December 2007, followed by another peak in June 2008.
The minimum and maximum ages of the suspected cases were 7 and 77 yr, respectively. Clinically, there were only two DHF cases, while the remaining ones were identified as DF cases. Sequence similarity and submission: The nucleotide sequences of the dengue virus obtained from Manipur were found to be 100 per cent similar to that of DENV-2 of Cambodian origin upon Blast search and multiple alignment. The sequences were submitted to GenBank nucleotide database (FJ769285 and FJ769286) . The phylogenetic tree constructed also showed resemblance of Manipur isolate to 2007 isolate of Cambodian origin (Fig. 1) . 
Antibody detection and serotyping:
Multiyear trend analysis of climatic factors:
Multiyear trend analysis of meteorological factors (Fig. 2) [2005] [2006] [2007] [2008] showed that significant change in rainfall, minimum temperature and relative humidity could have been the reason for the increase in mosquito density and incidence of dengue cases in Manipur (Fig. 3) .
Discussion
There have been reports of dengue outbreaks in most of the parts of India except, the extreme northern and northeastern States, which could be due to their unique temporal and spatial characteristics. Manipur, the only northeastern State, which was reported to be free from dengue till 2007, experienced a suspected Generally heavy precipitation in high altitude regions like Manipur eliminates breeding habitats of larval and pupal population and also reduces the survival rate of female mosquitoes in short time. Conversely, low precipitation increases the ambient temperature that increases the survival rate of mosquitoes and creates conducive environment for vector breeding through the usage of water storage containers, air coolers in the urban areas and water retention in leaf axils of banana and pine apple plantation in the rural areas 20 .
Though the multiyear trend analysis of temperature showed little variation in maximum temperature, the highest temperature of 34°C was recorded in Manipur in 2006 and 2007 14 . Further, a significant increase in minimum temperature was recorded during 2005-2008 than during 2000-2004 . This increase in temperature would have resulted in swift multiplication of Aedes mosquitoes as it experiences shortened reproductive cycle and an increased feeding frequency of more than two folds at higher temperature as compared to the lower temperature 21 . Pupal development period also reduced from four days to less than one day at a temperature range of 32 to 34°C 8 . As a result the extrinsic incubation period of dengue viruses is shortened in mosquitoes and thus increasing the rate of transmission of virus from the infected host to the uninfected host 24, 25 . Unplanned urbanization and urban human ecology play as key factors in the adaptability of . The increase in vector density itself was an indication of imminent outbreak of dengue in the State. The house index and Breteau index for Aedes vector recorded during the epidemic also showed that the area was at high risk of dengue transmission.
The current results showed a very significant increase (morning hours) and decrease (afternoon hours) in relative humidity, increase in minimum temperature and decrease in precipitation during [2005] [2006] [2007] [2008] . Thus the changes in climatic variables were positively associated with the increase in Aedes mosquito vector population from 2005 and also the transmission of dengue virus in 2007. Relative humidity is a crucial factor for the newly laid eggs as well the adult mosquitoes throughout the life cycle. Higher moisture facilitates better survival and emergence of larvae whereas lower humidity is [28] [29] [30] . Border between Manipur and Myanmar is porous and hence facilitates a relatively free migration of human population from dengue endemic countries, which could have been the primary means of virus introduction into the Manipur State. This is evidenced from the 100 per cent nucleotide similarity of the virus to the Cambodian strain. Hence, temporally, geographically and etiologically the outbreak appears to be related to Cambodian outbreak.
The dengue outbreak in 2007 and subsequent increase in the number of dengue cases highlight that this non-endemic State was changed to a hyperendemic State leaving the entire north eastern States susceptible to dengue disease. The conditions prevailing in Manipur might put this State as well as the neighbouring areas at the risk of severe form of dengue endemicity. Moreover, the preponderance of infections with DENV-3 in the adjacent country, Bangladesh as well as in India and the currently circulating DENV-2 in this State may result in multiple co-infections leading to more severe clinical forms of DHF/dengue shock syndrome (DSS). Therefore, there is a need to establish an appropriate dengue disease surveillance system to integrate it with mosquito surveillance system and meteorological early warning system. This integrated surveillance system will predict the outbreaks, and help in management of vector breeding sites, prevention of man and vector contact. Such activities conducted at least during the monsoon and post-monsoon seasons will prevent the major outbreak of dengue fever and minimize the harmful impact of outbreaks in coming years in the northeastern States of India.
